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Weekly Synoptic Analyses,
5-, 2-, and 0.4-Millibar Surfaces for 1967

(Based on meteorological rocketsonde and high-level rawinsonde observations.)

STAFF, UPPER AIR BRANCH
National Meteorological Center, ESSA, Hillerest Heights, Md.

ABSTRACT

Data from meteorological rocketsonde and rawinsonde observations have been employed
to analyze a series of high-altitude synoptic charts. Methods employed for processing the
various types of data and the analysis procedure utilized are described.

Broad-scale analyses of the 5-, 2., and 0.4-mb surfaces, primarily covering North America
and adjacent ocean areas, are presenied at weekly iniervals for 1967. A brief discussion of
the height and temperature fields is aiso given. A major stratospheric warming in December
and a less intense event in january are among the discussion items.

INTRODUCTION

This volume represents the fourth in a continuing
series of constant-pressure charts for the upper strato-
sphere, based on rocketsonde and very high level
rawinsonde data obtained over North America and
adjacent ocean areas. These charts have been analyzed
by the Upper Air Branch of the Weather Bureau’s
National Meteorological Center (Staff 1967a, 1967b,
1969).

Computer-analyzed 10-mb charts (Environmental
Science Services Administration 1967), based exclu-
sively on rawinsonde data, are used as a foundation
for hydrostatic computation of the height of the 5-mb
surface. At 5 mb, both rawinsonde and rocketsonde
data are used to derive the height and temperature
fields. Above 5 mb, rawinsonde data are seldom avail-
able, and rocket observations constitute the basic data
source. The Station Model and Reporting Rocket
Stations chart (p. —) shows the locations of 19 me-
teorological rocket launch sites within the map analysis
area for which data were available in 1967.

The present series of analyses at weekly intervals
includes charts for the 5-, 2-, and 0.4-mb surfaces

(approximately 36, 42, and 55 km, respectively),
nominally representing broad-scale synoptic conditions
on each Wednesday of the analysis period. In addition
to a description of the techniques employed in obtain-
ing these charts, a brief discussion of large-scale fea-
tures is also included.

PROCESSING OF RAWINSONDE DATA

The preparation of high-level data for analysis pre-
sents many problems. Some of the difficulties encoun-
tered in the use of rawinsonde information, such as
achieving compatibility between daytime and night-
time observations, extrapolation and interpolation of
data, and identification of erroneous reports, have been
summarized previously (Finger et al. 1965, 1966).

Temperature and height adjustments designed to
compensate for instrumental radiation errors were ap-
plied to all 5-mb rawinsonde reports. Initially, an
adjustment was made which reduced values from day-
time observations to the level of those values reported
from nighttime observations. The magnitudes of these
day-night adjustments, which are intended to account




for the effects of solar heating on the rod thermistor,
were determined with the aid of a computer program
which calculated monthly mean differences between
reported daylight and darkness values. Input to this
program consisted of all available 5-mb data for 1964
and 1967 from stations in North America and adjacent
ocean areas that employ U.S. outrigger-type radio-
sonde instruments (for details of the adjustment and
further referentes, see McInturff and Finger 1968).

Theoretical and laboratory studies of the rod therm-
istor used in present-day radiosondes indicate that a
significant error may be induced by infrared cooling
at stratospheric levels above about 10 mb. Therefore,
a second adjustment (Barr 1966) was added to all
reported 5-mb data, including observations made ac-
tually in darkness and daytime data that had been
adjusted for solar-radiation error. The magnitude of
the temperature correction is a function of reported
temperature, while the height adjustment varies lin-
early with the temperature correction.

Rawinsonde data utilized for the 5-mb charts were
processed by computer methods. Inputs to the com-
puter program consisted of observations from North
America and adjacent ocean areas for the 7-, 5-, 4-,
and 3-mb levels in the form of punched cards obtained
from the National Weather Records Center. Output
listings included all observations for 1 week at each
station. Data for levels other than 5 mb were also
listed to supply the analyst with as much supplemen-
tary information as possible. Thermal winds and
corresponding horizontal temperature gradients were
computed for the layers from 7 to 5, 7 to 4, and 5
to 4 mb.

After processing, the rawinsonde-derived tempera-
ture, height, wind, and thermal wind were plotted on
working charts. For charts presented in this publica-
tion, the rawinsonde data have been omitted for the
sake of legibility.

PROCESSING OF ROCKETSONDE DATA

Winds and temperatures measured by rocketsonde
systems comprised the basic data sample for analyses
at the 2- and 0.4-mb levels, and were also used in
combination with rawinsonde data for the 5-mb
charts. The rocketsonde information was obtained for
this project in the form of magnetic tape, identical in
format to published information contained in the
Meteorological Rocket Network (MRN) Firings
{(World Data Center A 1968).

The procedure for extraction of rocketsonde infor-
mation and for computation of heights of the 5-, 2-,

and 0.4-mb surfaces was as follows:

a. Wind and temperature profiles were processed by
a computer program, designed to reduce the amplitude
of rapid oscillations in the vertical by using a simple
(1-2-1) smoothing technique. This processing was
done because analyses are intended to portray only
the broad-scale stratospheric features.

b. Temperatures were modified above 40 km in ac-
cordance with Drews’ (1966) publication, one of sev-
eral recent theoretical studies (see the review article
by Ballard 1967). For the Arcasonde 1A, the instru-
ment most widely employed during 1967, the correc-
tion applied to the temperature profiles assumed a
representative fall rate and increased from 1°C at
42 km to about 9°C at 58 km.

c. An initial estimate of the geopotential height for
each station at the respective pressure levels (5, 2,
and 0.4 mb) had to be made before the temperature
for that particular level could be selected. This esti-
mate was obtained by deriving the temporal trend of
the geopotential height for the station from the lower
level analyzed charts and by applying this trend to
the geopotential height for the station as shown by the
previously analyzed chart. The temperature at this
estimated height was then extracted from the tem-
perature profile.

d. The true geopotential height of the pressure sur-
face at each station was then hydrostatically computed
for each available temperature profile. This height
was obtained by deriving a layer-mean temperature
between the extracted temperature of the upper level
and the temperature obtained from the previously
completed lower level analysis. For the 5- and 2-mb
levels, a linear lapse rate was assumed to be repre-
sentative. Because a temperature maximum (associ-
ated with the stratopause) usually exists between 2
to 0.4 mb, mean temperatures were derived by using
values extracted at each whole kilometer between the
two pressure levels.

e. Wind components were extracted from the
smoothed profiles at the height of the constant-pres-
sure surface, and a resultant wind was computed.

{f. Thermal winds were determined for 6-km layers
surrounding each pressure surface at the reporting
station. An experimental method of smoothing the
wind profiles was used to derive thermal winds for
the January and February analyses. This method of
fitting a first-, second-, or third-order polynomial to
the data proved quite useful for eliminating scales of
motion smaller than those being analyzed and led to
generally consistent computations of the horizontal
temperature gradients.



The rocketsonde data derived (temperature, height,
wind direction and speed, and thermal wind) were
plotted on working charts. On the charts presented
for publication, three observations are shown when
available for each station. Heights and thermal winds
have been omitted for the sake of legibility. The
Station Model and Reporting Rocket Stations chart
illustrates the symbols used to distinguish the data
obtained on Wednesdays from off-time data.

ANALYSIS PROCEDURE

Conventional techniques, including differential anal-
ysis methods, were utilized to construct the 5-, 2.,
and 0.4-mb charts. However, because of the sparsity
of observations, data acquired for the entire week
were examined to determine the synoptic changes that
took place during the week, and thus conditions per-
taining to Wednesday.

The analysis system consisted of the following
steps:

a. Isotherms were derived with the aid of processed
rocketsonde and rawinsonde temperatures. In spite of
the corrections applied to the 5-mb rawinsonde tem-
perature data, large differences could sometimes be
seen when comparing rocketsonde data that were close
in time and distance. Generally, the problem could
be resolved by giving greater weight to rawinsonde
stations employing hypsometers. In a few cases, the
difficulty even occurred with hypsometer radiosondes;
therefore, some compromise value had to be chosen,
usually closer to the rocketsonde-reported temperature.
Computed thermal winds were especially useful in
determining horizontal temperature gradients and the
relative location of warm and cold areas. Where pos-
sible, time-height sections of temperature were plotted
as a further aid in deriving the isotherms.

b. A mean temperature field representative of the
layer between the previously analyzed lower surface,
and the selected surface was derived graphically. This
mean field represents a geopotential thickness which,
when added to the lower level height field, yields a
smooth, conservative first approximation to the con-
tour pattern at the upper surface.

c. Reported winds and computed heights for indi-
vidual stations were then used to adjust the first ap-
proximation of the contour field, using the assumption
of geostrophic flow. Winds were accorded the highest
priority for this adjusiment.

d. The analysis was checked for vertical and tem-
poral consistency. For example, centers of systems,
ridges, and troughs were examined with the aid of all

available data to verify vertical slope and movement
with time. Time-height sections and height-change
charts were especially useful for these purposes.

The above procedures appear to produce excellent
results at 5 mb, and were successfully applied to ob-
tain the 2- and 0.4-mb charts. Generally, only slight
adjustments of the first-approximation height fields
were necessary at the 5- and 2-mb levels. However,
rather formidable analysis problems were evident at
the 0.4-mb level. Obviously, the most severe prob-
lems arise from the sparsity of observations. The
geographical area of analysis for the charts has thus
been reduced in accordance with the available data.
Another difficulty was the apparent occurrence of large
day-to-day temperature changes at times exceeding
10°C (Miller 1969), and persistent oscillations in
many wind profiles. In some cases, deviations of re-
ported temperatures and winds from the fields derived
by differential analysis techniques could be accounted
for by identifiable synoptic changes. Occasionally, it
was impossible to make a reasonable reconciliation of
station values with the values determined by differen-
tial analysis.

A further analysis problem arises from the apparent
intersection of the stratopause with the 0.4-mb level.
Because the normal stratospheric temperature inver-
sion ceases at the stratopause level, the graphical
method for obtaining mean temperature, which de-
pends on the existence of a linear profile, is no longer
valid. Large adjustments must be made, especially at
lower latitudes, in the graphically derived height field
to conform with the computed height at each station
(as discussed in the previous section).

An additional problem is encountered in the sum-
mer charts. During that season, the circulation at the
upper surfaces (2 and 0.4 mb) would be expected to
follow the pattern established for lower levels, that is,
a rather uniform easterly flow about an anticyclone
centered at or very near the North Pole. However, on
a typical summertime 0.4-mb chart, most reported
rocketsonde winds exhibit significant southerly com-
ponents. If these winds were to be given full weight
in the analysis, the resulting pattern would consist of
contours, oriented from southeast to northwest, spiral-
ing toward a high center located apparently over
northern Europe.

The prevalence of positive meridional components
in summertime rocketsonde winds has been noted
previously (Miers and Beyers 1964). Recent studies
(Reed et al. 1966), based on MRN data for several
summers have demonstrated that the meridional wind
component resulting from the diurnal tide reaches




maximum southerly strength at about noon, local time,
Since most MRN firings occur near local noon, the
measured winds naturally contain this component.
Although no adjustmenis were made in individual
reports, the analysis procedure includes suitable com-
pensation. Differences in the reported winds and
orientation of the contours may be quite pronounced,
especially on the summertime charts. Strong westerly
winds of winter usually mask the weak diurnal com-
ponent, but there is a possibility that this component
may contribute to some bias in analysis during periods
of weak circulation.

Although careful consideration of high-level data
allows a broad-scale depiction of circulation patterns
up to 0.4 mb, the sparsity of reports requires an in-
creasing amount of subjectivity as the analysis pro-
ceeds to this high level. As yet, the analyst has little
in the way of synoptic models for guidance with re-
spect to the probable contour and isotherm patterns
and the phase relationship between these patterns in
areas of sparse data. The justification for some analy-
ses depends on the interpretation of the limited amount
of data in such a way as to portray a coherent se-
quence of synoptic events. In spite of these factors,
surprisingly little alteration in the principal features
of the circulation and temperature distribution shown
in the final analysis can be made without inordinately
violating some of the data. In general, the contours
and isotherms depicted are felt to be good approxi-
mations to the flow patterns at these levels. Even so,
the same degree of accuracy that is found customarily
in the analysis of charts at lower levels should not be
expected.

A contour interval of 320-geopotential meter (gpm)
was used throughout the year. In addition, inter-
mediate dashed contours were used to outline areas of
relatively weak gradient, especially during the spring
and fall changeover periods. Isotherms were drawn
and labeled at 5°C intervals.

DISCUSSION OF THE 1967 CHARTS

The principal features of the circulation during
1967 may be seen in figures 1 through 5 which illus-
trate the analyzed height and temperature values ex-
tracted from the weekly charts at the location of five
representative rocket launch sites. From these figures,
we can see the large changes that occurred and also
infer the cycle of events during the course of the year.
The annual trend toward maximum height and tem-
perature during the summer and toward minimum
during the winter is clearly visible in figures 1 through

4. Largest ranges in values are seen at the more
northerly locations. The pronounced sinusoidal tem-
perature curves, most noticeable at 5 mb, are con-
siderably flattened at 0.4 mb (Johnson and Gelman
1968). Although not clearly shown by this graph,
Antigua, B. W. 1. (fig. 5), exhibits the semiannual
variation associated with a tropical station. The major
anomalies of the winter period are seen in the curves
as these disturbances affect the various locations. Out-
standing departures from the seasonal trend occurred
in January when a minor warming affected the upper
stratosphere, and in December when the first indica-
tions of a major stratospheric warming could be seen.
Perturbations seen in February, March, and November
were associated with the intensification and movements
of the Aleutian anticyclone, with events in April lead-
ing to the final spring change to summer conditions.

The following discussion will concentrate on a brief
description of the major synoptic events of 1967 and
will show how the charts depict them.

In January, the circulation was dominated by a
cold cyclone near the North Pole with anticyclonic
activity apparent in the Aleutian region and the west-
ern Atlantic Ocean. The isotherm patterns, especially
at 2 and 0.4 mb, were not oriented parallel to the
contours, suggesting that strong dynamic changes were
taking place.

As an aid to the readers, it may be instructive to
review the various segments of information used by
the analyst to determine the circulation features on
typical charts; for example, the January 4 charts. The
basic isotherm pattern at 5 mb was determined by
several rocketsonde reports at each station and by
the approximately three times as many radiosonde
reports received from stations located primarily on
the North American continent. Off-time reports were
used as an aid in determining conditions shown in the
analysis.

In addition to the cold trough extending from Green-
land over western Canada to the mid-Pacific, two
warm areas were also apparent. A report from Ber-
muda, together with thermal wind reports from Wal-
lops Island, Va., and Cape Kennedy, Fla., indicated
the location of warm air off the U.S. east coast.
Another warm area in eastern Siberia was determined
largely on the basis of the computed thermal winds
at Fort Greely, Alaska. This latter location, however,
agrees well with analyses at lower levels where more
data were available. The contours were then deter-
mined, with very little adjustment needed, in accord-
ance with the method previously discussed. It is ap-
parent that all available data fit into a coherent pattern



for the determination of the temperature and height
field at 5 mb.

At the 2- and 0.4-mb levels, only rocketsonde data
were available, so that added emphasis had to be
placed on the thermal winds to outline the temperature
fields. The thermal winds indicated a sharp constric-
tion of the cold trough between the warm centers,
with a system of cold air over the Gulf of Alaska and
another in the polar regions. The very strong thermal
gradients shown on these charts may have been diffi-
cult to justify solely on the basis of the single cold
report at Fort Greely on January 3 and from the
computed thermal winds. However, substantiating evi-
dence appeared the following week when rapid tem-
perature changes were reported by all western stations.
This reinforced the pattern of intense cold and warm
centers which moved rapidly during the period.

The situation up to this point strongly suggested
that a major stratospheric warming would take place.
Warming was noted over the North Atlantic Ocean
and the Alaskan region; the contour and isotherm
patterns appeared to be oriented in a hemisphere pat-
tern of wave two (two warm anticyclones diametrically
opposed and an elongated polar low with isolated cold
air in the middle latitudes). In spite of the intense
temperature changes at the upper stratospheric levels,
the temperature fields below 5 mb were relatively
unaffected. Because the height fields were only slightly
changed and westerly circulation remained strong, this
event in January was termed a minor stratospheric
warming,.

During the last half of February, a significant cir-
culation change occurred as the Aleutian anticyclone
moved eastward over western North America. Warm
air associated with this system was detected northeast
of the center. By March 22, the anticyclone had
receded to lower latitudes while warm air had moved
steadily toward the polar basin. This latter movement
resulted in a reversal of thermal gradient by the end
of March—warm air dominated the North Pole and
relatively cold air was located in the midlatitudes.
The height field slowly responded to the thermal
changes, but westerly circulation remained evident
until the second week in April. At that time, the anti-
cyclone redeveloped in the Aleutian region, moved
over Alaska, and gradually displaced the polar cy-
clone. As the warm polar anticyclone intensified in
response to the springtime radiational changes, the
westerlies associated with the cold trough moved
southward. By the beginning of May, the westerlies
had disappeared at 0.4 mb; at the end of the month,

easterlies were predominant over the entire analysis
area.

While the higher latitudes of the Northern Hemi-
sphere were under the influence of circumpolar easter-
lies which increased in intemsity with altitude, the
light and variable winds at Fort Sherman, C. Z., indi-
cated a more cellular structure in the tropical latitudes.
This structure can be explained at least ir. a qualita-
tive way partly as the coupling mechanism between
the dominant easterlies of the Northern Hemisphere
and the westerlies of the Southern Hemisphere (Miller
and Finger 1969).

The warm summertime polar anticyclone reached
maximum temperature and intensity at the beginning
of July. Thereafter, this system began a slow decay
as solar radiation over the northern latitudes declined.
By August 23, a cold core cyclone had formed near
the North Pole at 5 mb. This system gradually intensi-
fied, displacing the remnants of the polar anticyclone
(in the form of cellular ridges) southward. By the
second week of September, easterly winds were still
apparent at the middle latitudes, but general circula-
tion features were relatively complex. For instance on
September 27, the westerlies at 2 mb, as reported by
Fort Sherman, indicated a trough was north of the
station, as were the dominant cyclone and subtropical
ridge. At 5 mb and 0.4 mb, however, this tropical
trough was south of the station.

The polar region cooled and the vortex intensified
in October, producing a stable-appearing circumpolar
westerly circulation. At 0.4 mb, however, the cooling
in polar regions was interrupted by relatively warm
air in the region north of Fort Greely. Charts for
other periods have shown rather clearly that tem-
perature variations may occur in the upper strato-
sphere without any significant change in the param-
eter even at middle stratospheric altitudes. It was not
until the middle of November that the entire layer
from 5 to 0.4 mb was affected.

On December 6, the very warm report from Fort
Greely at 0.4 mb may have been an indication of the
major stratospheric warming that occurred during the
following weeks (Johnson 1969). Rapid movement in
the temperature pattern occurred so that by Decem-
ber 13, warm temperatures were reported at West
Geirinish, Scotland, and Cape Kennedy, and the cal-
culated thermal winds at all eastern stations indicated
that at 0.4 mb there was a very large area of the
Northern Hemisphere under the influence of warm air.
This rapid change becomes more evident when viewed
in the context of the sequence of events at lower levels.
The warm air seen in the eastern Atlantic region, for




instance at 5 mb on December 20, was part of a large
warm area around Eurasia, extending sometimes to
Alaska. Relatively small position changes in this warm
area, with the warm air extending into the Aleutian
region one time and into the North Atlantic region
the next, could have accounted for the rather radical
change apparent at 0.4 mb from December 6 to De-
cember 13.

Very strong gradients in the height field were also
seen during this time period, with a wind of over
350 knots at the 47-km level reported on December 13
at West Geirinish. During succeeding days, the effects
of the warming were observed at lower altitudes. By
December 20, a very warm region was seen at 5 mb

over Europe, with rapidly intensifying anticyclones in
the Atlantic and western Pacific Oceans. Warming in
some areas was as much as 70°C during that week.
The Atlantic anticyclone moved northward as the
warm area expanded and intensified. By the end of
December, the temperature gradient between the polar
latitudes and midlatitudes had reversed throughout
the entire middle and upper stratosphere. This re-
markable event constituted the earliest (by about a
month) major warming of the stratosphere ever re-
corded. Consequences of this stratospheric warming
carried into the beginning of the following year, with
major circulation changes occurring in January 1968.
(This discussion prepared by Melvyn E. Gelman.)
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-50

TEMPERATURE °¢




01

HGT [ S——
TEMP  Rommeit
56 I~
55 -
o . -
y K e X— X—X X —y— x X X— g SRR R
54 - 3 A x X R ety S0 SENERVENGS S S T N Ny B NIt ot O NS S
\x,x—x\x/ \x,x X \x—-x/ X XX X X R
0.4MB
44
T4
X
$
542 —
%4, B XN g—-X X. X=X
I X X’X_X\X /X“' T Sy \x§x~x e Ny e Koo g e R x g R N -
N y—X X— X — ~x —: X=X X ) Ay e X T K M Yo X
K XN ek 0 S S X—-x X x\x_x__x,x/ -
2MB
37
*r W w
35— _
— =
L S SIS T S e ot s e S P S
/x\ X /x,x\x/x\x’ b B o e S S x/x\x /"\x’x.—x ]
e = P 3 -
x\x X—X X ~ g X—X—X
l J | l o | l
| lllllllllllll'll]lllll'llllll,lll'lflllllll‘l

4 18 1/ 15 / 15 29 12 26 10 24 7 2 5 19 2 16 30 13 27 Il a5 8 22 6 20
JANIS67 FEB MAR APR MAY JUN JUL AUG SEP ocr Nov DECI967

FIGURE 4.—White Sands, N. Mex. (32°23’N., 106°29°'W.), analyzed values extracted from weekly 5-, 2-, and 0.4-mb charts.

o

1
8
TEMPERATURE °C




11

56
55

54

b
& %

HEIGHT(GPKM)
N

37

J6
35

FIGURE 5.—Antigua, BW.I (17°09’N.,61°47'W.), analyzed values extracted from weekly 5-, 2-, and 0.4-mb charts.

HET PR
TEMP R
AR R e XX 3 — XX e N—x ]
e i R e i WIS S e N A P
0.9MB
X 27 T R K R R K K X=X X—X——X X—X—x —X—x —X x—*~ 1°
~ % KX LN —x-x._x_x\x_x\x‘__x__,‘\x’x_x,x N R . G X-—X—-x\x,_X~x ‘_
—_20
2MB
- W ot B g W
} 4 -
- ey K St s Ty 208 SN - - —~ Y o
x\x/x-X\x’x/x x—% L SN x x\x/x Xos g g R g = Xm X=X =X x\X—X‘x—X\x_x_.x/x—x x X\X—X—‘X”xzx\xsx/x x~x\x ~-30
Lo | Lol o | |
Lo bl s 4 31 llilllllllllllllllllllllllllll'llllJlll!llll
4 18 I 15 1/ 15 29 2 26 10 24 7 2 5 19 2 16 30 13 27 II 25 & 22 6 20
JANI967 FEB MAR APR MAY JUN JUL AUG SEP ocT NOV DEC 1967

TEMPERATURE °C




ACKNOWLEDGMENTS

Funds for the analysis of the 1967 chart series were
provided by the National Aeronautics and Space Ad-
ministration under contract P-40346 (G).

Weather Bureau personnel actively engaged in the
analysis project were: Project Manager, Frederick G.
Finger; Project Analyst, M. E. Gelman; Research
Consultant, A. J. Miller; Data Processing, L. P.
Manello, J. A. Booth, and D. L. Griffith; and Com-
puter Operations, K. W. Johnson and W. P. Town-
shend.

REFERENCES

Ballard, H. N., “A Review of Seven Papers Concerning
the Measurement of Temperature in the Strato-
sphere and Mesophere,” ECOM 5125, U.S. Army
Electronics Command, Fort Monmouth, N.J.,
May 1967, 67 pp.

Barr, W., Corrections of Radiational Error of Radio-
sonde Temperature Measurements in the Sirato-
sphere, U.S. Army Electronics Command, Fort
Monmouth, N.J., 1966 (personal communication).

Drews, W. A., “A Thermistor Arrangement to Improve
Temperature Measurement at High Altitude,”
NASA Contract Report 533, Aug. 1966, 29 pp.

Environmental Science Services Administration,
Weather Bureau, Constant Pressure Charts,
MF-494, National Weather Records Center, Ashe-
ville, N.C., 1967.

Finger, F. G., Woolf, H. M., and Anderson, C. E.,
“A Method for Objective Analysis of Strato-
spheric  Constant-Pressure  Charts,” Monthly
Weather Review, vol. 93, No. 10, Oct. 1965, pp.
619-638.

Finger, F.G., Woolf, H. M., and Anderson, C.E.,,
“Synoptic Analyses of the 5-, 2-, and 0.4-Milli-
bar Surfaces for the IQSY Period,” Monthly
Weather Review, vol. 94, No. 11, Nov. 1966,
pp. 651-661.

Johnson, K. W., “A Preliminary Study of the Strato-
spheric Warming of December 1967—January
1968, Monthly Weather Review, vol. 97, No. 8,
Aug. 1969, pp. 553-564.

Johnson, K. W., and Gelman, M. E., “Temperature
and Height Variability in the Middle and Upper

12

Stratosphere During 1964-1966 as determined
from Constant Pressure Charts,” Monthly
Weather Review, vol. 96, No. 6, June 1968, pp.
371-382.

McInturff, R. M., and Finger, F. G., “The Compati-
bility of Radiosonde Data at Stratospheric Levels
Over the Northern Hemisphere,” ESS4 Technical
Memorandum WBTM DATAC 2, Silver Spring,
Md., Dec. 1968, 61 pp.

Miers, B. T., and Beyers, N. J., “Rocketsonde Wind
and Temperature Measurements Between 30 and
70 km for Selected Stations,” Journal of Applied
Meteorology, vol. 3, No. 1, Feb. 1964, pp. 16-26.

Miller, A. J., “A Note on the Variability of Tempera-
ture as Indicated by Rocketsonde Thermistors,”
Journal of Applied Meteorology, vol. 8, No. 1,
Feb. 1969, pp. 172-174.

Miller, A. J., and Finger, F. G., “Synoptic Analysis of
the Southern Hemisphere Stratosphere,” NASA
Technical Memorandum NASA TM X-1814, Aug.
1969, Washington, D.C., 23 pp.

Reed, R. J., McKenzie, D. J., and Vyverberg, J. C.,
“Djurnal Tidal Motions Between 30 and 60 Kil-
ometers in Summer,” Journal of the Atmospheric
Sciences, vol. 23, No. 4, July 1966, pp. 416-423.

Staff, Upper Air Branch, National Meteorological
Center, “Weekly Synoptic Analyses, 5-, 2-, and
0.4-mb. Surfaces for 1964 (based on observa-
tions of the Meteorological Rocket Network dur-
ing the 1QSY),” ESSA Technical Report WB 2,
Silver Spring, Md., Apr. 1967a, 176 pp.

Staff, Upper Air Branch, National Meteorological
Center, “Weekly Synoptic Analyses, 5-, 2-, and
0.4-mb. Surfaces for 1965 (based on observa-
tions of the Meteorological Rocket Network dur-
ing the 1QSY),” ESSA Technical Report WB 3,
Silver Spring, Md., Aug. 1967b, 173 pp.

Staff, Upper Air Branch, National Meteorological
Center, “Weekly Synoptic Analyses, 5-, 2-, and
0.4-Millibar Surfaces for 1966 (based on me-
teorological rocketsonde and high-level rawin-
sonde observations),” ESSA Technical Report
WB 9, Silver Spring, Md., Jan. 1969, 169 pp.

World Data Center A, Meteorology, Data Report, Me-
teorological Rocket Network Firings 1967, vol.
IV, National Weather Records Center, Asheville,
N.C., 1968.



%

1I3MIIS dEVH
@

VAILLNV.®

N &
NYWHIHS 14
—~ @

& . U

\ @,
ANVISI SdOTIvM

7’

yamuomH @

74

23

Q \
S

puim [9A3]-$}0

!..ul

F
oa/‘._{_.

Aopinios R
N Aopud (]

Aopsinyl @R
(Aop dow)Aopsaupif &
AR #1) Aopsan, ¥
Aopuoyy 7
Aopuns 9

SANVS FLIHM®
@YK

N
NonW 'L “ SYTOOIN NVS

HY4ONOL®
“HINY NIINOD

A
e

g ISONWING @ V

TTIHOUNHD 14 @

d \* o
7#/ 13349 140 S
obe

N
N .\f awvv =
84V IMNHL S )

q00/

VI 7

170°€

OTUSONIYY
®

HSINIIED 1S3MGE
o/

e

(>

]

NS

1\\
\

AN

|

P I TR RN I NN
SIOVAUNS IUNSSIUA LNVISNOD ~ FTYOS GNIM DIRAOUISOID

of,

@ &
¢
g

SANVS ONDINVE®

y

Mo0!

NOILVLS

170°€

13



v e s | . L96l Y N
> \ LNVHO -G

14




89/1 aen orw

D06 TVAMIZLNI WHIHLOSI ,J)
Wd9 02¢ IAYILNI ¥NOLNOD S

>

¢

o o
ko)
G )
o
b 15
4 ©

/ wyﬁ AN

(

Q’O;

196 TNVl | |
LNVHD  aW-2

15

3

Ay

,wnoh.




R,
09506 ‘
N 02661
836.
\k
7 0
g =
& 600
Vg}‘_/ B

50240

CONTOUR INTERVAL 320 GPM
ISOTHERM INTERVAL  5°C

0.4-MB CHART
JAN 4, 1967

e

16

g
§
:




g0

CONTOUR IMTERMAL 320 GFpt

ISOTHERM INTERVAL

5-MB CHART

H
| |IAN 11, 1967

17




§—1
Dnv
U

2

39040

20320

,60960

29V
nln‘mm““ >
3 T =

: ot u‘-‘-
3550 \n&\@“ﬂ\q‘

\..‘lﬁhr [/

7600

R
I 42240

42240

)

S

+ CONTOUR INTERVAL 320 gPm
¢ R ISOTHERM INTERVAL 5°C

T

2-MB  CHART

1967

JAN 11,

18

i

¢
8
H

AU/ UAD




09/1 wvn/on e« e\“.

Uom|_<>mm.rz_s.mw1.—.om_ ’ “
Wd9 02¢ TTVANZLNI HNOLNOD é'l"

A

;
,

5152
52160
- 5‘28 007

L961 ‘L1 NVI
LJ4YHY EN-¥0

£50%

1770%

19



89/ QUNSINN

Je§  TVAYALNI WH3HLOSI
WNd9 0Z2¢ TVAYILNI ¥NOLNOD

L961 ‘8L NI

14VHI

an-S

ESSAOC WB 1017

20



B89/t guns/arn

006 IVAHZLNI WHIHLOSI
Wd9 0ZE TVAHILNI ¥NOLNOD

L961 ‘81 NI
I4VHY  aW-¢

COWM ESSADS WA 1017

21



WL

o

5\5‘20.'

‘s, d
° nI 52\60

52800
53440

170

CONTOUR INTERVAL 320 GPM
ISOTHERM INTERVAL 5°C
MHC/UAB 1 /68

0.4-MB CHART

g
| | JAN 18, 1967

22




5-MB CHART

ISOTHERM INTERVAL 5°C

JAN 25, 1967

23

!
;
3




J
> CONTOUR INTERVAL 320 GPM
ISOTHERM INTERVAL 5°C

2-MB  CHART
JAN 25, 1967

24




CONTOUR INTERVAL 320 GPM

ISOTHERM INTERVAL 5°C

e

- e s

80 =% &

540 - o

o [ :ﬂ’

o €4

. G\ - =
\Mem «u?A d 0

ACS AR 1/68

25




RMC/UAE 1/68

A% CONTOUR INTERVAL 320 GPM
ISOTHERM INTERVAL 5°C

5-MB CHART
FEB 1, 1967

DSCOMMESSADC Wa 1817

26




x

° =17 A
vy ; 39360 M 4/27/
:gg ‘:/
O o X
& v Hiem——2 7
AN
<7/920_ %
P
I~

CONTOUR INTERVAL 320 GPM
+ ISOTHERM INTERVAL 5°C

LAY

MMC/UAB 1/68

27

™

- == =
=8
b §'_
U 3
—_

\’/ ) =
- U 9 =g
170% > - S )

| ¢ o~




CONTOUR INTERVAL 320 GPM
ISOTHERM INTERVAL 5°C

= e~
o=
=< &
=
o -
-
faa]
Fa
< -
i (=]

H
g
8

28




ONTOUR INTERVAL 320 GPM

>

ISOTHERM INTERVAL 5°C

C

= r~
=38
<=
© o
[ea)

=8
‘z_:l-l-

NMC/URE 1/58

29




3 23720 8

(3 \38080 < ;’
/
3

3 - "_{ g

2

-
P

"

1
.
/)j'

L]
/4\
.
™~ ﬁ CONTOUR INTERVAL 320 GPM

\\ ISOTHERM INTERVAL  5°C

2-MB CHART

§
| | FEB 8, 1967

NUC/UAS 1/68




54080 o ¥ /

=
o
o
e
S w
m
-
> 2
GG
E E
z z
x =
3 &
F X
g 5
S @
$

b\

0.4-MB CHART

g
| [_FEB 8, 1967

NRUICLURE 1/68

31




99/t BYN/IRN

N2

906 THANILNIWNIHIOSN\, B ot

2.
Wdd TYAYILNI HN
03¢ THANALNI ¥ Ezoof@v\O

L96l ‘Gl 934
L¥YHI 9iN-S

32



CONTOUR INTERVAL 320 GPM
5 |SOTHERM INTERVAL 5°C

2-MB CHART
FEB 15, 1967

33

&
B
8

NMICSUAB 1/68




o971 qvnsami

26 WANILNI WNTHLOSH ,/J)w

Wd9 0zg TYANILNI MNOLNOD

[96] ‘Gl 934
1¥YHY aW-¥°0

34



89/1 @vasInN

Wd9 02¢ TTVAHALNI HNOLNOD

D06 TIVAHALNI WNZIHLOSI V\‘

18YHD 9W-G

[96l ‘22 934

GSCOMM E35ABC WB 1017

35




89/ @nsIrN

205  IVANILNI WHIHLQSI @\\‘

Wd9 0ZS TWANILNI ¥NOLNCD c@\t

[

>
<

(_)ZG\’V

FWQN,EF/,/.W/ Hoos,

L961 ‘2C 934
L4YHY dN-¢

TSCOMM E5SADC. W8 1017

oei
\\%
36

170°F




P A
‘ 0266V

R \ _

v OWNE - "

)

o.wmom i

/77,

\V\&\\&w» /)

777
N
=4 ‘ 7%

\‘Nv 7, 4
) e%wvow_«O:

\

/3
9,
o

A

A

e ,/MMM

NMC/UAB 1/68

»  CONTOUR INTERVAL 320 gPM
ISOTHERM INTERVAL  5°C

=

FEB 22, 1967

0.4-MB CHART

37

g




5-MB CHART
MAR 1, 1967

38

§
i




39

2-MB CHART
MAR 1, 1967

§

<
£
£
&
E3
3

:




CONTOUR INTERVAL 320 GPM
ISOTHERM INTERVAL 5°C

0.4-MB CHART
MAR 1, 1967

40

e
i
g

NMC/UAB 1768




CONTOUR INTERVAL 320 GPM
ISOTHERM INTERVAL.  5°C

5-MB CHART

§
| |MAR 8, 1967

41




89/1 Qn/oRN

006 TVAYILNI WHIHLOSI
Wd9 Ozg TVANILNI HNOLNOD ©

%
Aar3 W 3
N 3 2
3 o [Shed

°

o85>

°Og.

L961 ‘8 YW
14YHY an-¢

170

USCOMM £5SADC W8 1017

42



i |0.4-MB CHART
MAR 8, 1967

43

%




L96} ‘GL YN

LYHO 9W-S

o9/1

ayn/ I

cee

{(}\;GQQ

e
" o2
1/

19 ¢
AN\
]

N
=g

995, Vs 5
S,
kAN ST

TECOMM ESSADC W8 1017

44



'—h
o
< 5
= v=
© e
m T
iz
=

45

£




&9/1 gvnsorst

D05 IVAHILNI W§3HLOSI

RO
Wd9 0Z¢ TYAYILNI ¥NOLNOD
g

L961 ‘SL YUY
A — X LUYHY 8W-7'0

T~—00 bog
—
—
L4
<

02Lbs

170

USCOMM ESSADC W 1017

46




°&g!

CONTOUR INTERVAL 320 GPM
ISOTHERM INTERVAL  5°C

5-MB CHART
MAR 22, 1367

;

47

AMC/UAE 1/68




83/1 gvn/omy

JoS  TVAHILNI Emmikcw_y\& 8
Wd9 0zg TYAYILNI HNOLNO:

<

L961 ‘2¢ YYW
LHYHI 49W-¢

USCOMM ESSABC W 1017

48




6v

101 88 DGYSSITENODSN

0.4-MB CHART

MAR 22, 1967

CONTOUR INTERVAL 320 GPM

=
3 ;Z/‘ v\ ISOTHERM INTERVAL  5°C

NHC/UAB 1/68




8971 gYN/INN

00§ IVANILNI WHIHLOSI @\Q«A\\
WdD OZE TWANILNI MNOLNOD <

\V(»\A«/\
PN

36000m= @ —m— ¢ == *

1961 ‘62 4V
LHVHD 9N-G

|

USCOUU ESSADC WB 1017

50



a9/ Q¥ IRN

305 TIWAMILNI WHIHLOS!
Wd9 02¢ IVAHILN! UNOLNOD

//T@ _
- 0“

L961 ‘62 UV
LYVHI aW-¢

42240 s

42880'70'5

USCOMUESSADS wh 1017

ol



zs

101 8% DG VEST

0.4-MB CHART
MAR 29, 1967

CONTOUR INTERVAL 320 GPM
ISOTHERM INTERVAL 5°C

ABC/UAB 1/68




35840

‘\\ ISOTHERM INTERVAL 5°C

o

@
o<
20D SN ConToUR INTERVAL 320 6PM

.#:W\G oOb-..
;00?)@ '3777‘
D

P 5Bev® 206
>
2655 =g,
N &
Q n*
[R)
v
34240 .

36000—-\<—.—'—"—_'\ E‘IB
4 < O)

\\\ EE; P
\ m
e 0 o
= O

170% Ib <

3
o
¢
3

RCSUAB 1/68




a9/ Gvn/ e

zu_o?m ..__<>mu.r“_ zﬂwwﬂww_ /JM\MNI hmm—. .m udy
02€ TAYALNI ¥ / LHYH) -z

-%.L.—.v\\ae
7
oe®
ITO°F
41600
R
i)
%o
—_
I‘ID’E

USCOMALESSADC WE 1017

54




o9/t @n/ami

0§  IVAMILNI WHIHLOSI
Wd9 0ZE WAHILNI ¥NOLNOD

-

[96} ‘G UdV
LYYHO 9N-¥0

USCOMM ESSADC W8 1017

55



‘‘‘‘‘

5-MB CHART
APR 12, 1967

CONTOUR INTERVAL 320 GPM

ISOTHERM INTERVAL 5°C

56

%




CONTOUR INTERVAL 320 GPM
ISOTHERM INTERVAL 5°C

2-MB CHART
APR 12, 1967

57

g
8




CONTOUR INTERVAL 320 GPM

ISOTHERM INTERVAL  5°C

0.4-MB CHART

1967

APR 12

§
:




65

5-MB CHART
APR 19, 1967

®
® »
»,éq,
/,Lo./a\
o ISOTHERM INTERVAL 5°C

® CONTOUR INTERVAL 320 GPM

NMC/UAE 1768




2-MB CHART

CONTOUR INTERVAL 320 6PM
ISOTHERM INTERVAL §°C

]
[4=]
[=p]
g
o
g
(2
.
=%

60

¢
&
5




a9/t sYn IR

00§ TVAYILNI WHIHLOS! J\/OW\\@
Wd9' 0ZS TVANILNI ¥NOLNOD QMW IA

L961 ‘61 ddV
14VHO dW-70

170%

017

USCOMM ESSADC WE.

61



89/1 gvn/ann

005 “IVANZLNI WH3HLOS

Ao

Wd9 0zg IWAYILNI m:opzoo%o

@\4««9

FobBSE

1961 ‘92 ¥dv
14VHY 9W-G

170°F

USCOMMESSAOC We 017

62



MB CHART

2-

CONTOUR INTERVAL 320 GPM
ISOTHERM INTERVAL  5°C

1967

APR 26,

63

£
8




M ESSADC wB 1017

89/t evn/on

2.8 IVANILNI WHIHLOS! %rm/\
Wd9 022 TYANIALNI ¥NOLNOD OAR\N&
o>

7

09299

AN

1961 ‘9T ¥dV
14YHO 9W-¥'0| |

55520

64



CONTOUR INTERVAL :320 GPM
SOTHERM INTERVAL 5°C

<N

\\ ‘>o/ \O mw
= =

\ -V\‘* R \o ”O\v!
— a2 4 .Mv-

e _ \\“MM\YAW \a, sm

65




02.20 " @

| el oy

[~

o“ <2
18 Y S

©
e I a

! 2=
| ]

N =

66

NOACLUAS 1768




/1 S/ IR

JoS  IVANILNI WHIHLOS!

Wd9 0z TWANZLNI ¥NOLNOD
B
\

961 ‘c AVW
14VHI QW-v'0

67




p9/1 avn/orN

L961 ‘0L AVH
LYYHY 9W-S

® e—, — O

GSCOUMESSADC wa 1017

68



69

£101 8% 30¥SS3INNODSA

2-MB CHART
MAY 10, 1967

NMC/UAR

1/58




a9/1 avn/anm @E/

~@ =
006 “IVANILNI WHIHLOSI | a4 -

Nd9 02€ TVAMILNI ¥NOLNOD &Q\

g
MW
> 0T D
I
pet
/

c@/\ sﬁ

Oop, 5

5

\

—

—

M\Qr? /
&9 52
N/\ oo !

k+
Hoso X
u

Ny 2

g H g

AP

)

s

/'
e, \io®
SRR

WAJ
AR 2

\
o

ol

L961 ‘0L AVW
L4YHY EN-7°0

170°%

USCOMMESSADE WB 1017

70



o8/1 avnsu

0.5  IVANMILNI WHIHLOSI
Wd9 02Z€ “TvAYILNI m:o._.zoo

Awa/x 202 _
«Pﬁc §
#/

XD

00t
3 °op,
O o,

L961 ‘LL AYW
L4VHD aW-G

[ —

36\60

71



89/1 awnsomn

[961 ‘LI AYW
L¥VHY 9WN-C

DSCOMM £35A.DC WB 1017

72



89/t avn/on E
M

JoS  IVAUIALNI WHAHLOSI
Wd9 022 IVAYZLNI HNOLNOD

)

1961 ‘L1 AYW
14VHI dW-¥0

170%

USCOMM ESSADC W8 1017

3



YL

(161 B OOYSSIHNGOSN

AL B =L

5-MB CHART
MAY 24, 1967

s

—
®

=
&

"%;O//ix\

CONTOUR INTERVAL 320 gPM
ISOTHERM INTERVAL  5°C

AWC/UAR 1768




43200 .

170°€

CONTOUR INTERVAL 320 6PM
{SOTHERM INTERVAL 5°C
nC/ AR 1768

%

2-MB CHART

= |MAY 24, 1967

75

é
3
;i




83/1 avy/omN

006 TIVANILNI WH3HLOSI

Wd9 022 TWAYILNI ¥NOLNQD

AN

L961 ‘YT AVW
14VHI 8N-¥'0

SSADC wa 1017

76



a8/t gun/dne

Wd9 02¢ TWAYILNI ¥NOINOD <

005 TVANIUNI zmmzkow_@v\ﬂ -
%M -
v

[96} ‘1€ AVN
LYVHO 9W-S

77



89/1 QUnSIRH

of o

e
b

20§ TVAMILNI WMIHLOS! o8
Wd9 025 TANILNI HNOLNCD &N\

3

= e

o>
WA s
N S
-D( <r\
N ] (=} e ﬂ?o 17
<
e—.

) o

[961 ‘1€ AVW
LYVHD 9W-C

78



o3/t Gen/on («

A
20§ TVANILNI WHIHLOSI AVJ
¥

WNd9 02Z¢ TVAHILNI HNOLNOD i
W\OA,NAM/

L961 ‘L€ AVW
LHVHD aGW-¥'0

P

s

USCOMMESEADE WB 1817

79



80

1BC/UAB 1/68

GSCOUMESSADC W3 1017




o
Do
./@‘\
< e
51
e

o
Ld
0
® D/‘Q\ 208%
/6

RUCIUAR 1 /68

&
\

[
o .
9 .

A0

"‘

e
’63% » CONTOUR INTERVAL 320 GPM
A

L

\G \.\ ISOTHERM INTERVAL 5°C

ey
i

2-MB CHART
JUNE 17, 1967

81

GSCOMM ESSADE W8 1017




AN V
\G"\

1/68

MAC/UAS

CONTOUR INTERVAL 320 GPM
ISOTHERM INTERVAL  5°C

o
< {5
=
Q L 3
[ )]
foe)
£y
o
oq




a9/ qvn/orw

20§  TVANILNI NYIHLOS! o2
Wd9 02 “TYAYILNI HNOLNOD @\‘
*

4,

[96} ‘b1 INAI
LYYHD 9W-S

83



43200

|

170°F

/—: CONTOUR INTERVAL 320 GPM

\\ ISOTHERM INTERVAL  5°C

%
v O‘O/

S~
—

NMCLUAE 1/68

84

J
LQ
P
o o
=< &
=, ==
[

i
-
Ty
N =

-y




S8

0t g% oavssT

0.4-MB CHART

JUNE 14, 1367

CONTOUR INTERVAL 320 6PM
ISOTHERM INTERVAL  5°C

ARICSUAR 1768




89/t avn/Im

Oam|_<>mmhz_§mmz.r0m. @6\
WdS 0Z¢ TAMALNI %o._.zeu/eé\G z

%\
¥
>%\A

4
A\w :

|
.// N / 7 ,m

o
W e

/ , Nales
r%u/
2 % Jg

[961 ‘1z NN
14YHD 9W-G

USCOMI ESSADC We 1017

86



a9/t /I

L961 ‘Iz INAM
L4YHY dl-¢

05 TIVANILNI WHIHLOS! @F \c s
~
Wd9 02 IWAYILNI m:o._rﬁov‘,/@@ -
\ o
Py 3

MESSADC WB 1017

87



Y CONTOUR INTERVAL 320 GPM
ISOTHERM INTERVAL  5°C

AN
AN

PAY

0.4-MB CHART
JUNE 21, 1967

1/68

NCSUAB

O

/,e.

88

£
g



5-MB CHART
JUNE 28, 1967

CONTOUR INTERVAL 320 GPM
ISOTHERM INTERVAL 5°C

89

i
g




06

0028H
o041

N
2-MB CHART \ .

JUNE 28, 1967

£108 @4 50¥SST

0
°
\OONTOUR INTERVAL 320 GPM

Ty—\ ISOTHERM INTERVAL  5°C

NHC/UAB 1/68




NMICSUAB 1768

CONTOUR INTERVAL 320 6PM

\\“‘bRSOTHERM INTERVAL 5°C

_l\l

5

0.4-MB CHART

§
| |JUNE 28, 1967

91




89/ avn/ony

06 WAMALNI WHIHLOSE gy O - \ ‘ D —. — hmm— .m >.==.

02s TYAALNI WZAW“(@\O - ~ LIVHI mznm

\
s Y
dooa Eand e

‘ A AL

: £ s \\l&

c\ .apdu_a 6@\

\ S

DSCOMMESSADC WA 1917

92




&5
.;/<§O\CONTOUR INTERVAL 320 GPM

ISOTHERM INTERVAL.  5°C

2-MB CHART
JULY 5, 1967

93

?
g
z




"Oo,

QDO'“

3
Dol

(4

I70°%

OOOS
~
™~
AN
%
~ o S
o
. )

CONTOUR INTERVAL 320 GPM
ISOTHERM INTERVAL  5°C

N .‘—\

JULY 5, 1967

0.4-MB CHART

94

NHC/UAE 1/68




a8/t IS

Oo&  TVAMALNI WN3HLOS
Wd9 0z “IVAMALNI HNOLNOO®R

~

L961 ‘21 AI00
L4YHY aW-§

W8 1017

95



8971 gYn/omN

D6G  TIVAMILNI WH3HLOSI // &v

Wd9 02¢ TYAYILNI ¥NOLNOD &)ﬂ\/
\\\M
P,

| [961 ‘ZL ATNM
L¥YHY aW-2

96



L6

101 @ 3avsS3

0.4-MB CHART
JULY 12, 1967

‘ D\\\\“ — T N\1 '\O;

- by
v U W
<P
P

A

I D<\ CONTOUR INTERVAL 320 GPM

ISOTHERM INTERVAL 5°C

NAC/UAR 1768




86

5-MB CHART : .
JULY 19, 1967 = | ’Z@.ﬁiﬁlﬁiﬁ o 50

NWC/UAR 1768




66

4101 @4 5gwsSINIROASN

2-MB CHART S
jULY 197 1961 _ }i)\'f,O/QISOTHERM INTERVA:: 5"CGPM

NC/usL 1/68




TR\ 17 L961 ‘8L AT
e S | L4YHY GW-¥'0

USCOMM.ESSADC WE 1017

100



101

101 8% IGYSSIHWODSN

5-MB CHART

JULY 26, 1967

¢ CONTOUR INTERVAL 320 GPm
ISOTHERM INTERVAL  5°C

AWC/UAB 1/68




01

L101 8% _3Q¥SSINNOISA

2-MB CHART
JULY 26, 1967

b/é '
% RCONTOUR INTERVAL 320 GPM
,\’L' ‘/Q
\SOTHERM INTERVAL  5°C

Amc/uae 1/68




170°%

NYCIUAB 1/68

CONTOUR INTERVAL 320 GPM

\o® “\
‘WSOTHERM INTERVAL 5°C

0.4-MB CHART
JULY 26, 1967

103

USCOMUESSADC W8 1017




8871 avn/IRN
205 IVAMALNI zmmxrom_\/,vy/‘ )

ﬂ\\/
Wd9 02S TYANILNI MAOLNOD (V\C/
pe — /
\ A IVM«.«\

™~

°

RN

7

<,
2
O
OO

[9sl ‘T 9NV
LYYHD W-S

USCOWM ESSADC W8 1017

104



89/1 avn/omN /VVI

0.6 WAM3LNI Emm..:.nuw_ Pt
Wd9 0Z¢ TWAYILNI ¥NOLNOD

1961 ‘C BNy
LUYHY OW-T

€SSADC W8 1017

105



89/t gvn/onw

oS IYANALNI WHIHLOS!
Wd9 02Z€ TVAYZLNI ¥NOINOD

[961 ‘Z 9nv
LYVHD aN-v'0

GSCOMM ESSADC wB 1017

106



L01

5-MB CHART ™ Aéé/' |
AUG 8, 1967 ~. | ST ol o o

ARIC/UAD 1/68




89/1 avnsonw f
S
2.5 TVANBLNI W¥IHLOSI G 1
Wd9 02€ IVANILN! HNOLNOD B\/K/do/\ ~ h@m— m G:g
J¥VHO 9WN-T

43200

OMM ESSADC w5 1017

108




89/1 gun/Imy

o°m,_<>mmkz_s_5:5m_ mﬁ OV/
Wd9 0zg TVAN3LNI wnoinoo N\ B

N /AO/\

[96l ‘6 9Ny
J¥VHY W-V0

e

Q

Q

Q
3o}
0

170%E

CoMM ESSADC W8 1017

109



)
QO
4 QO
20

7

-

CONTOUR INTERVAL 320 GPM

&
o
O——’(‘ ISOTHERM INTERVAL 5°C

o
z@
=< 2
= Lol
O

L=
mw
=9
A =f

110

NML/UAB /68




3"0

QC%.«

43520

o
O

B\
e\

2-MB CHART
AUG 16, 1967

CONTOUR INTERVAL 320 GPM
ISOTHERM INTERVAL 5°C

111

g

%
8
:

RMC/UAB 1/68

o




170%

N

(o]
o]
[\
w
's]

0.4-MB CHART

5

AuG 16, 1967

=
&
o ¢
@
35|t
'FIE
=251
& &9
Gouil| g
E E
ZE
=
S g
3 u
ez
35 o
3 @
S
s




g8/t avnsonst

@

2.6 TYANILNI zmmzkom_(v\O Py
Wd9 0z€ TYAYILNI HNOLNOO e

[961 ‘cZ BNV
14VHD aW-G

170°E

N\

USCOMMESSADC WB 1617

113



99/1 avn/onw S ﬁ
00§ TWAHALNI WHIHLOSI /’

Wd9 gze TVAYILNI ¥NOLNOD j

[961 ‘cZ SNV
J4VHD 9W-¢

\ = -
. & ~
\%\ 2 o.s 9y FIQ//\/\ N 2
& Vv\‘é ">
\ «V\\w/\ \D PI /
m A ;oar ° a N‘l A{ Qoo»..\ /
NN
— oOﬂ OQQQW &
yd P o
v «A«%-
kS /\ oz5eb . 3
‘ 9 Vs A S
v ! - ~
L~ 1 ~
(€ N f AN
/ & =
° 4 \
\\ X O@/
enuxp\ Mv N ﬂ”@\ @& 2 / X
S /v\ s \
/ Pl L veor o N,
/ ” x \
Hosp, %
= o Q \ g // S
“ H - { o Q |
\ 5 & ]
Wwo‘ ..oa
O BoOBV
of
]
or A /) 1\

USCOLM ESSADC w3 1017

114




88/1 evn/om

L961 ‘€T BNV
L4YHO 9W-¥'0

USCOMM.ESSADC W8 1017

115




8971 YN IRN

206 “IVAHBLNI WHIHLOS|

Q_%\Q o
Wd9 028 TUAMILNI ¥NOLKOD 6\00
v & e
& e

—02g9g
®

¥ «\ DPNI/
\ -

A1

®%e, )
%
° v Nogo %
M ] &
| < 3 _ 2|
NG :
L]
o R
°
3. o’
% %;0 H \
o0
o (o]
[ @
[ oGC—— W
0,
) o D ™ 84 .

[961 ‘0 9NV
IYVHD aW-G

ESSADC W8 1037

116




89/1 g¥nsomN

2
D05 “TWANZLNI W¥IHLOSI «_/QO\@\” . Ol [96! .cﬂ 9Ny i
WdD 0z WAYZLNI HNOLNOD e —_— \ _ T o> ‘—.mg_._u mz-N m
. ) —%
w .~ . — L
V4 =
a t /
7o X 2 ' V\,OAW/\ EN
é\‘ @ O/\t v o[
v %@@/\/ t 95/‘ rm éaoh
2o L — - / I . O\/ "
s RS 7%
~ . ~
o N 1% .
— >2
— g N\
— ooc M -
§ / . . Aim
\ o7 x Wﬁ,\/
3 &.\\J < S \ o ® /hV/ ' )
¢ o=__ / W
;¥ « / Ms
\ . -
I
/ IRVA ey S\ —
\ .,A/\ : Yo .
\ L N
f 0026
Nopp o
\Qm N g §
- 3 /m
(2]
S b2
o .0 o’
€ a0 BAV o
uW.. MK Q9

117



S

170°F

HMC/URB 1/68

CONTOUR INTERVAL 320 GPM

N
ISOTHERM INTERVAL  5°C

N

= =

¥ =3
) S
5 e
’\?@D.'m\ f_ S
] /\’?,‘/ R <) =<

GSCOMMESSADC Wa 1017

118




611

09,92
———
o

.08~

Fo041

Z
® a5y
\ =%
e 100} /’L\
=
7 - < 5
NV
e
% 36160
)\ .
= Ve
. 36320
0 H .
~3 ,\ . S /
~2y ‘\r“q . *

@A CONTOUR INTERVAL 320 GPM

ISOTHERM INTERVAL 5°C

—

KUC/UAD 1768




s/t gvn/ond

0.6 TIVANILNI WHIHLOSI
Wd9 0z WAHILN) ¥NOLNOD

[961 ‘9 1dIS
L1¥VHI 9n-2

FSSA0C W8 1017

120




83/1 GYn/onw

206 IVAYILNI WY3HLOSI /J\/

Wd9 03¢ TTVAHZLNI UNOLNGD

[961 ‘9 1d3S
1¥YHD GW-v'0

Wi £5SADC W8 1017

121



a9/t avn/omn

0§ IVAHILNI WHIHLOS!

—

WdO 0ZE TVANILNI HNOLNOD @\‘\“@
) g
W~ e

[961 ‘€l 1d3S
L14VHD 9W-S

122




89/1 @vn/omn

005 “IVAMILNI WHIHLOSI
Wd9 02¢ TWAHZLNI ¥NOLNOD

[961 ‘€l 1d3S
L4VHY aWN-T

-

MESSADC w8 1017

123




89/1 @vn orN

006 IVAYILNI WHAHLOSI
Wd9 02¢ TWAYALNI ¥NOLNOD %\
9

N

Lo
@

[96} ‘¢l 1d3S
14VHD GW-¥0

0%
O

170°€

USCOMM ESSADT WB 1017

124




89/1 Gvn I

2.6 IVA¥ALNI zmux»om%v\\'

Wd9 Ozg TYANILNI mne.zoor@\.«@
-

4

09198

[961 ‘0 1d3S

14YHO 9W-G

LESSADC W8 1017

125



83/1 gvn/amN

[961 ‘0T 1d3S
14VHD dW-¢

USCOMMESSADC W8 1017

126




qDO'“

\
o0

127

CONTOUR INTERVAL 320 GPM

ISOTHERM INTERVAL 5°C

\T

SEPT 20, 1967

MRC/UAB 1/68

0.4-MB CHART




8971 grnfore

9,6 TWAM3LNI WHIHLOS!
Wd9 02¢ TVAYMILNI HNOLNOD

L96! ‘L2 143S
14YHD 4W-S

128




89/1 @y orn

m‘
2.6 WAN3LNI WHIHLOS! //;unmu\ -

Wd9 03¢ "IWAMILNI ¥NOLNOD

[96! ‘LT 1438
LNVHD aWN-C

4224

USCOMM ESSADG WB 1017

129




89/1 Qvn/onN

006 IWAMILNI WH3HLOS!
Wd9 02¢ IVAY3LNI ¥NOLNOD

>

-/

57

NP

[96} ‘LT 1d3S
14YHO aR-¥°0

170°E

wa 1017

130




89/1 evn/r

D0S  IWAHILNI Emkaowg . hmmﬂ s¢ .—-go

Wd9 02¢ TIVAMZLNI MNOLNCD S

= ‘ 14YHD 9KN-S

USCOMMESSADC W8 1017

131




NMC/URD /68

\\ ISOTHERM INTERVAL  5°C

&/b ’\(} CONTOUR INTERVAL 320 GPM
“Q/' o
%/
©

2-MB CHART
0CT 4, 1967

132

2
:




89/1 QYN/IMN

2.6 IWAMILNI WH3HIO0S]
Wd9 03¢ IWAHILN! UNOLNOD

Q.
< b,

N

[961 ‘v 130

170

14YHI aW-7°0

USCOMM ESSADC WB 1017

133




89/1 U ony
506 TVANZLNI WHIHLOSH /V/‘.Im/f\rm.\
Wd9 Oz¢ TUAWILNI HNOLNOO P
/ s
NS\\

L

L9gl ‘Il 130
LYVHD 9N-G

=2 &'Ooowm PN WW <
\ ‘0\%« e
S oo\ TN\ . lnl/ﬁ EN —
¢ v — ~
n\\ = ~ ~ =
o) —
7 e - - / kaﬁk’\l. 2
~, /7 e T - : : AR A X
& Vs /4 N N\ \ 6//9/
Z L35 ~ oS~ \
/ /o rd o T~ S / \
\ ~ 2

.
o
o
o,

USCOMMESSADC WB 1017

134




89/1 avn/ore

e N (561 1 190
m LUYHD GW-2

obzey
0091b
—
0960t
%
—=& X [
&
»
3 e —
.
=4 §
40640 '
170°%F
21280
4:9261"
42560_

USCOMM ESSADS wa 1017

135




89/1 Qun/onw L

MESSADG WB 1017

205 TVANILNI WMIHLOSI /J)‘\s) Nmm— .—— .—.OO
WaD 0Z¢ TN ¥NOLNOD << .—.¢<—._U ms..v.c :

136




89/1 grn/orn

0.5 IVAMZLNI WHIHLOS!
Wd9 0Z¢ TVAYALNI ¥NOINOD

[961 ‘81 130
L¥VHY aW-G

ESSADC wa 1017

137



Wd9 0zg TVANZLNS MNOLINOD

89/1 BYN/IMN
206 IVANILNI WHIHLOSI f)‘\w

[961 ‘81 130
14VHY 9W-C

SsADC wa 1017

138




89/t gVN/IrN

00§  IVAHILNI WY3HLOS

Wd9 02¢ “TVAYALNI ¥NOLNOD

AN =\

D\

2
@

\

<

5
0\0
O&
¢ooo
SR
§ A
¥ /
'
s &
¥ /
&
§ /
&
$
€3
g
&

& "oer
- \h.vn .N\// N
- qu\ll @\/ >
- . m\/ ] ~N
—

©

L961 ‘81 130
14VHY 4N-7°0

oY
O

‘soai
~ /\2’]/‘
=
1

56072

170°

GSCOMM.ESSADG W8 1017

139



89/ YN /Ir

g
i)
305 TVANELNI WNZHLOSI /P/OII = J% e
s omN.
-

wdo 02¢ TVAMALN! ¥NOLNOD
-
— \
3
7’

L96l ‘G¢ 130
JYYHD 9IN-G

ESSADC W8 1017

140




(A7

=026 1V

2-MB CHART

101 BM DAVSSIHHO!

0CT 25, 1967

- 40960

pramme ] 6 0.0

422402

CONTOUR INTERVAL 320 GPM
%\’\ ISOTHERM INTERVAL.  5°C

1

WUCLUAB 1/68




=

8971 GunsInN O\@/\é [

\
206 IVANILNI WHIHLOS! ‘“ -
Wd9 02 TVAYALNI ¥NOLNOD

%

Oz 41&9
~
%,

(:?/9’69

[961 ‘GZ 130
JYYHI SW-10

O

1X0%

USCORMLSSADE W 1017

142




83/1 gn/onN

00§ IVAHILNI WY3HL10SI
Wd9 0Z¢ TYAHMILNI MNOLNOD

1961 ‘1 MON
LHVHD G-

ESSADC w8 1017

143



[96l ‘I AON

89/t QYN/INN
2.6 IVAHILNI WHIHLOSI /}‘\%&ﬁ

Wd9 02E IVAYILNI ¥NOLINOO

JYYHO W

W ESSADG WS 1017

42560 )

144




89/1 gvn/Iny

Jo8  IVAM3LNI WN3HLOSH

Wd9 02€ TYAYILNI HNOLNOD

414 £SS8,5C W 1017

[961 ‘L AON
14VHD 9W-¥0) |

170%

145



09/1 gvn /I %
206 TVAYILNI WHAHLOS! f\\\\ b

[96} ‘8 AON

Wd9 0ZE WAYNILNI ¥NOINOD T - -
i e JHVHD SWN-G
-~ — -
-
@ e - - - o> ~
b &> -~ - — -
7 ° = T — —~ ~
o g ~ ~ N

\ sop v e
/ 0@\ e o - e~ - ON/ < N N AN
/ P - & /W«” \
\ \oa \ / e —
4 - i
/ \0@4 7 ~ N N \ \ M
7 SN - \ N
4 / &% \ - X
/m. \ Sy > ~ N d / % Q 4// 3
¥ / /) / % a8 v ~ \ M
A fﬁv ’ <) “\
4 / 7 Vi /0y ,
3/ / I
l \\ | \\ f =) / J;
\ | :Il b o O&\ /RS d
_ / g QWQ\,\ N \& i e
_ ‘ [ # nxs/,o%/.o / < \ ¢a %
# \ / > % \ 2 N
\ , , — * k \ v / \ﬁ _«w\ —oTT T )
\ \ [ 3 ¢ Yo - - E
\ \ \ %J S / / / /4
, \ / \ N gy _m. N \ / /
AR\ \ \ L 5ee 8”0 o o
g feefl\ Y -7 TS
3 \ 3 3y g bt g 3 S Iy . \
A A (Rl 5 LI AN S A \

USCOMM-ESSADC WB 1017

146




89/t @un/omw

JoG  TVANILNI NYIHLOSI //FI =1 ° > :

¢
Wd9 0Z¢ TYAYALNI HNOLNOD A % . // Nmm_. w >_Qz w

L¥YHO GW-C |

147




CONTOUR INTERVAL 320 GPM
ISOTHERM INTERVAL  5°C

0.4-MB CHART
NOV 8, 1361

MMC/UAB 1/68

148

¢
3
H




89/1 QUN/IRN

0.5 TVAY3LNI WH3HL1O0SI
Wd9 0Z€ TIVAHZLINI YNOLNOD

/ Ff !
| \\ Ly
| [
o u
Y N
L “ ,
|
|
| A
Voo
\ \
&\ \ £y
g,& \ \ )%
o) e

45820

[961 ‘Gl AON
JYYHO GW-G

USCOMMESSADC W8 1017

149



o9/t avn/IrN

00S  IVAMZLNI WH3HLOSI /’

Wd9 02€ “IVANILNI HNOLNOD

8,

L96! ‘Gl AON
J4YHD W

[A

wa 1017

150




"’o‘.

Q% 008

\
ﬂ°|

o~

170°E

CONTOUR INTERVAL 320 GPM
ISOTHERM INTERVAL  5°C

-
=l
=2

W/
g
J—

b

’
o %

—

o8
i)

NOV 15, 1967

0.4-MB CHART

151

NIC/UAB (/68




CONTOUR INTERVAL 320 GPM
ISOTHERM INTERVAL  5°C

5-MB CHART
NOV 22, 1967

HUCSURB 1768

152

&
g
8




o9/t qunsomy

2.5 TVAYILNI WYIHLOSI /J\Q
Wd9 OZE TVANILNI HNOLNOD \

X

[961 ‘CT AON
LYVHI 4W-C

ESSADC WB 1917

153



5a00°

CONTOUR INTERVAL 320 GPM
ISOTHERM INTERVAL 5°C

0.4-MB CHART

=

NOV 22, 1967

MMC/UAB 1768

154

3
i
8]
F




5-MB CHART
NOV 29, 1367

CONTOUR INTERVAL 320 GPM
ISOTHERM INTERVAL  5°C

NNMC/URE 1/68

b

155

H
3
3



42240 1 — - -
e -~

CONTOUR INTERVAL 320 GPM
ISOTHERM INTERVAL 5°C
NMC/UAB 1/68

Qe
—
3
—
©

9-MB CHART
NOV 29, 1967

156

USCOMM ESSADC W8 1017




170°

CONTOUR INTERVAL 320 GPM
ISOTHERM INTERVAL. 5°C
NNMC/UAB 1/68

NOV 29, 1967

0.4-MB CHART

157

g
£
H




89/1 QUn/INN

DG TVAYILNI WHAHLOS

)

o)

Wd9 0Z€ TYAWILNI ¥noINGd \——F Q\%

[961 ‘9 330
LUYHO aWN-S

158




/
v
7
o,
- v "OO

\\ 0b§eb . ~N N N Oo\‘é\{ g
—= NI 4 NN g
SR N N g
— A h
ooslb AL \\ \ \ ~ EE
>~ \ g 2
N g g
D e ON N N R\ g 8
~ 2 N
- AN A\ PR | N
ot SO N 3 A
Q‘P-\b\ \S‘e N RN e b &7
0 .\W\" Ny \ué R 3 \ \ \ 2 W e >
07£0% BENNYA \ Ana \
[ — N 09§ \ \ 0 \ . \
~ OOA\\\ \ . SO\ \ \ \
’\08969(5 =~ ONCENAN NN \ \] ¢ *’& ! \
=] °09 \ \ \ \ 3 W}
S N , \
> ovo6e \ S \ \ \ ~_ —/2,7 \
\ A \
~ VI \
A\ \\ ) —
10
I\ \ \

2-MB CHART
DEC 6, 1367

RUC/UAB 1/68

159




ISOTHERM INTERVAL - 5°C

\
S CONTOUR INTERVAL 320 GPM

0.4-MB CHART
DEC 6, 1367

NMC/UAS 1768

160

&
g
8




89/t e¥nlony

3.5  IWANILNI WH3HLOSI
Wd9 0Z€ TVAMALNI ¥NOLNOD

[961 ‘€1 930
J1¥VHI 49W-G

36840

ESSADC W8 1017

161



N\
7
2
o y
e e
50”7
g

=
%
og.,
B N
P R O
£ 3}3
@ o
By
z z
gz
g ¢
Zz =
80
a
-~
® |y

=
- 7o)
=
:1—'
Q ™

or)
m‘!—
e

=

162

USCOMM ESSAOC W 1017




09/1 gWnsom a

0.6 TIVAYALNI WH3HLOSI
Wd9 02 TVAYILNI HNOLNOD

[961 ‘€l 930
LYVHO EW-¥0

USCOMMESSADC WA 1017

163



,n M
83/1 gvnsony
006  TVAYILNI WH3HLOSI

Wd9 0ZE TVAHILN! HNOLNOD

[96l ‘07 330
JUYHO 9WN-C

o
/ i/ Y Voo
/ 2 /| ¢ & v ,
_ @ o ® > w
\ 4 / / r 000/ N
| /1 \\; ) |17 \
_ |} ~\R LN ) iy 7 \
f ! \RAB2 A { N - Iy
ﬁ mad BTN ~ |
| § \ W O 3
| \ W LR ~ 7
RS A \@ o2 '
m,w, W G B, /// “\ " % g %\@9 Wo =
o, ,o rmq—, C\w/o, A N \\mvvam\ s S s
VAN RIS ON D B S,

USCOMM ESSADC W8 1017

164




NUC/UAB 1/68

A CONTOUR INTERVAL 320 GPM

\\ ISOTHERM INTERVAL 5°C

2-MB CHART
DEC 20, 1967

USCOUM ESSADC W8 1017




ISOTHERM INTERVAL  5°C

=]
SN CONTOUR INTERVAL 320 GPM

o

N\

0.4-MB CHART
DEC 20, 1967

166

]
:
:

NMC/UAB 1768




89/t qun/ore

006  “IVAMALNI WHIHLOSI
Wd9 02€ TVAYILNI YNOLNOD

[oel ‘L2 330
J4YHD 9WN-G

USCOMM E5SADC W8 1017

167




89/1 gyn/on
D06 TVAHALNI WHIHLOSI O\rn A

Wd9 0Z€ TIVANILNI YNOLNOD

[96l ‘LT 930
14YHI QW-2

USCOMM £SSADC WB 1017

168




Jj CONTOUR INTERVAL 320 GPM
8\7\\ ISOTHERM INTERVAL  5°C

[
2::5
=&
u L.
e
en O3
= o
< Ld
e gy —

AMC/UAB 1/68

169






